Aging alters the force-frequency relationship and toxicity of oxidative stress in rabbit heart.
Adult (6 months) and senescent (greater than 5 years) rabbit atria were studied under conditions known to increase cytoplasmic calcium (increased frequency of contraction and oxidative stress). At a contraction frequency of 1/sec, cardiac relaxation (90% relaxation time) was similar in senescent and adult atria but at a frequency of 2 or 3/sec, relaxation was significantly slower in senescent preparations (P less than 0.05). Additional experiments indicated that H2O2 (500 microM), a powerful oxidant, increased resting force and decreased developed force (DF) much more rapidly in senescent than adult atria; the maximum decrease in DF, however, was less in senescent preparations (adult = 81 +/- 6% and senescent = 42 +/- 27% of pre-H2O2 values; P less than 0.05). Age-related differences in effects of H2O2 did not result simply from a decreased ability of senescent hearts to detoxify an oxidative stress by the glutathione pathway. Both basal glutathione (GSH) concentrations and the H2O2-mediated decreases in GSH were similar in adult and senescent ventricular preparations, as were activities of glutathione peroxidase and glutathione reductase. These observations suggest that interventions known to increase cytoplasmic calcium can amplify age-related impairments of cardiac relaxation through mechanisms that may be independent of the glutathione pathway.